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UD\EXUVWVZKLFKREVHUYHGJDPPDUD\VZLWKHQHUJLHVRI0H9DVVRFLDWHGZLWKWKH+('ZHUHGHWHFWHGDOVR>@
7KLVPHDQVWKDWWKH+('FDQDFFHOHUDWHHOHFWURQVXSWRHQHUJLHVLQWKHUDQJHRIWR0H9
2I WKHYDULHW\RISK\VLFDOREMHFWV UHODWHG WR+(' IXQGDPHQWDOO\ VLJQLILFDQW LV WKHDFFHOHUDWLRQRIKLJKHQHUJ\
HOHFWURQV$QGLQWKHDOOSURSRVHGPRGHOVVXFKHOHFWURQVDUHWKHNH\HOHPHQW8QIRUWXQDWHO\WKHGLUHFWH[SHULPHQWDO
PHDVXUHPHQWEHDPVRIDFFHOHUDWHGHOHFWURQVVWLOOKDVQRWEHHQGRQHDQGWKHLUH[LVWHQFHFDQRQO\VSHDNEDVHGRQWKH
LQWHUSUHWDWLRQRILQGLUHFWREVHUYDWLRQDOGDWD'LUHFWGHWHFWLRQRIHOHFWURQEHDPVZLOOQRWRQO\FRQILUPWKHH[LVWHQFHRI
WKHDFFHOHUDWLRQRIHOHFWURQVLQWKH+('EXWDOVRWRREWDLQGDWDDERXWWKHFRQILJXUDWLRQVL]HDQGG\QDPLFVRIWKH
HOHFWULF ILHOG LQ WKH XSSHU DWPRVSKHUH RI WKH LQIRUPDWLRQ RQ WKH HQHUJ\ VSHFWUD DQG WHPSRUDO SURILOHV RI HOHFWURQ
EHDPV 7KH UHVXOWV REWDLQHG E\ QXPHULFDO VLPXODWLRQ DOORZHG WR HYDOXDWH WKH SUREDELOLW\ RI GHWHFWLQJ EHDPV RI
HOHFWURQVDFFHOHUDWHGLQWKHXSSHUDWPRVSKHUHLQH[SHULPHQWVRQVSDFHFUDIW>@7RUHJLVWHUWKHEHDPVRIKLJKHQHUJ\
VFDWWHULQJ RI HOHFWURQV ZLWKLQ WKH $/)$(/(&7521 H[SHULPHQW RQ WKH H[WHUQDO VXUIDFH RI WKH 56 ,66 WKH
WHOHVFRSHVSHFWURPHWHUZLWKD IDVWGHWHFWRUV\VWHPFDSDEOH WRPHDVXUHD WLPHSURILOHVDQGHYROXWLRQRI WKHHQHUJ\
VSHFWUDRISDUWLFOHVZLWKPLFURVHFRQGDFFXUDF\LVSODQQHGWRLQVWDOOLQ
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GHWHFWRUV&&DQGLVDQLPSURYHGPRGLILFDWLRQRIWKH06'SUHYLRXVO\GHYHORSHGE\15180(3+,DQG
IRUPHGRQWKHEDVLVRISRO\VW\UHQH>@
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)LJ3K\VLFDOVFKHPHRIWKH06'

7KLVVFLQWLOODWRUKDVDKLJKWUDQVSDUHQF\DQGDPLQLPXPH[FLWDWLRQWLPH,WKDVEHHQSURSRVHGIRUWKH06'WR
XVHWKHEHVWLQWHUPVRIWLPHDPSOLWXGHFKDUDFWHULVWLFVGLPHQVLRQVPDVVDQGHQHUJ\SKRWRPXOWLSOLHUV5$
PDQXIDFWXUHGE\+DPDPDWVXDVSKRWRGHWHFWRUV7KLVW\SHRISKRWRPXOWLSOLHULVUHFRPPHQGHGIRUXVHLQVFLQWLOODWLRQ
GHWHFWRUV3075$SDVVHGWKHTXDOLILFDWLRQWHVWVIRUUHVLVWDQFHWRYLEUDWLRQDQGLPSDFW
6WUXFWXUDOO\ WKH06'LVFRPSRVHGRI WKHXSSHUGHWHFWRU8'DQGVFLQWLOODWLRQFDORULPHWHU 6&8'LQFOXGHV
FRXQWHUGHWHFWRUV&DQG&ZKLFKFRQVLVWVRIIRXULGHQWLFDOVWULSV7KH&GHWHFWRUVWULSEDQGLVSHUSHQGLFXODUWR
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&GHWHFWRUVHDFKRIZKLFKFDQEHYLHZHGE\WZRVHSDUDWH307&RQWUROOHUXQLWWRJHWKHUZLWKWKHSXOVHDPSOLWXGH
DQDO\VLVXQLWFDUULHVRXW WKHVHSDUDWLRQRISDUWLFOHVHOHFWURQVDQGSURWRQVE\DQDO\]LQJWKHHQHUJ\LQVFLQWLOODWLRQ
GHWHFWRUVZKHQSDUWLFOHVSHQHWUDWHLQDPDWWHURI06'VRFDOOHGǻ(î(WHFKQLTXH
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
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LWVUHPDLQLQJHQHUJ\3DUWLFOHHQHUJ\OHIWLQWKHGHWHFWRUV&&DQG6&FDQUHOLDEO\DOORFDWHHOHFWURQV7KHHQHUJ\
RIWKHHOHFWURQLVGHWHUPLQHGE\WKHWRWDOHQHUJ\RIWKHSDUWLFOHGHWHFWRUVLQWKH6&
7KH 6& FDQ IXUWKHU GHWHUPLQH WKH HQHUJ\ RI WKH SDUWLFOHV E\PHDQV RI WKH QXPEHU RI SDUWLFOHV SDVVHG E\ WKH
GHWHFWRUV XQWLO LW ZLOO VWRS )RU RSHUDWLRQ LQ WKH LQWHQVLYH SDUWLFOH IOX[ DQG  LQ RUGHU WR SURWHFW HTXLSPHQW IURP
RYHUORDGWKHSRVVLELOLW\RIUHGXFLQJWKH06'DSHUWXUHUDWLRDSSUR[LPDWHO\RQHRUGHURIPDJQLWXGHE\WXUQLQJRII
SRUWLRQVRIWKHVWULSVLQWKHGHWHFWRUV&&WRFRQWUROFRPPDQGIURPWKHJURXQG
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0RQWH&DUORPHWKRG KDV EHHQ GHYHORSHG )LJ  VKRZV WKH HIILFLHQF\ RI WKH HOHFWURQ GHWHFWLRQ RI FDXJKW LQ WKH
DSHUWXUHRIWKH06'GHSHQGLQJRQSDUWLFOHHQHUJ\7KHDEVFLVVDRIHOHFWURQHQHUJ\LVLQ0H9
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WKHUDQJHIURPXSWR0H9DUHUHSRUWHGLQYLUWXDOO\DOOHYHQWVWKDWIDOOLQWRWKHDSHUWXUHRIWKH06'UHJLVWUDWLRQ
HIILFLHQF\RIHOHFWURQVZLWKVXFKHQHUJLHVDOPRVW'XHWRWKHVFDWWHULQJRIHOHFWURQVLQWKH06'PDWWHULQWKH
HQHUJ\UDQJH0H9GHWHFWLRQHIILFLHQF\LVUHGXFHGDJDLQWRDYDOXHRIDERXW
7KHYDOXHRIWKHJHRPHWULFIDFWRURIWKHVSHFWURPHWHUZDVGHWHUPLQHGE\WKHIROORZLQJIRUPXOD
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WKHVSHFWURPHWHULVGHWHUPLQHGE\WKHIRUPXOD
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7KHYDOXHRI*IRUWKH06'GHSHQGVRQWKHFRQILJXUDWLRQRIWKHWHOHVFRSHWULJJHUDQGYDULHVIURPWRVPVU
)XQFWLRQDOGHVFULSWLRQ
7KH06'IXQFWLRQDOEORFNGLDJUDPLVVKRZQLQ)LJ7KH06'GHWHFWRUVLQFOXGHWKH)DVW$PSOLILHUV)$RI
VLJQDO SXOVHV  IURP SKRWRPXOWLSOLHUV DQG WKH )DVW 6KDSHUV  )6 RI ORJLFDO SXOVHV WKDW KDYH WKUHVKROGV IRU
GLVFULPLQDWLRQIRUWKHHOHFWURQVDQGSURWRQVIURPHOHFWURQLFVQRLVHWKH6\VWHPRI'DWD&ROOHFWLRQDQG7UDQVPLVVLRQ
6'&7 PDGH RQ WKH EDVLV RI UDGLDWLRQUHVLVWDQW )3*$ PDQXIDFWXUHG E\ $FWHO DQG WKH 6\VWHP RI $PSOLWXGH
$QDO\VLV 6$$ EDVHG RQ KLJKVSHHG$'&$'ZLWK D VDPSOLQJ IUHTXHQF\ RI 0+] ZLWK SDUDOOHO WZR
FKDQQHODPSOLWXGHSXOVHVGLJLWL]LQJIURPWKHXSSHUGHWHFWRUV&ɋDQGFDORULPHWHUGHWHFWRUV&ɋ

)LJ06'IXQFWLRQDOEORFNVFKHPH
7KH EDVLV RI WKH 6'&7 LV WKH (YHQW 6HOHFWLRQ 8QLW (68 LPSOHPHQWHG RQ WKH ORJLF DUUD\ /$ DQG WKH
PLFURFRQWUROOHU 0& WKDW FRPELQHG ORFDO GDWD KLJKZD\ IURP WKH EXIIHU PHPRU\ IRU WHPSRUDU\ VWRUDJH RI WKH
HYHQWV DQG56 GDWD SURWRFRO IRU FRQQHFWLQJZLWK &RQWURO DQG 3URFHVVRU8QLW &38 7KH (68 UHFHLYHV WKH
RXWSXWVRIVKDSHUVDQG/$IRUPVWKHPDLQDQGSULYDWHWULJJHUVLJQDOVZKLFKVWURELQJ$'&
7KHORJLFDOIRUPXODRIWKHPDLQWULJJHUVLJQDO067LVDVIROORZV
DLQWKHFDVHRIFKDUJHGSDUWLFOHVHOHFWURQVSURWRQVRUKHOLXPQXFOHL
067& 367îQR&ZKHUHSUHOLPLQDU\VLJQDOWULJJHULV
367 &DQG&DQG&DQG&î&DQG&DQG&DQG&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,QVSHFLDO³+DUGWULJJHU´PRGH367LVSURGXFHGXQGHUWKHFRQGLWLRQRIFRLQFLGHQFHVLJQDOVIURPDQ\RIWKUHH&
 & GHWHFWRU JURXS H[FHSW FRPELQDWLRQV &î&î& DQG &î&î& LQYROYHG LQ WKH LPSOHPHQWDWLRQ ³6RIW
7ULJJHU´PRGH
ELQWKHFDVHRIQHXWUDOSDUWLFOHVJDPPDUD\VDQGQHXWURQV
0671 367îQR&ZKHUHWKHVLJQDO367LVSURGXFHGXQGHUWKHFRQGLWLRQ
QR&î&DQG&DQG&DQG&î&î&
%DVHGRQWKHWDEOHRIWKHWULJJHUORJLF67'&GHYHORSVWULJJHUVLJQDOVLQ8(6DVZHOODVWKHGDWDIRUPDWVUHDGE\
0&RQWKHORFDOGDWDOLQHIURPWKHGXDOSRUWEXIIHUPHPRU\WR56&38LQWHUIDFH6$,DOVRKDVDQLQWHUPHGLDWH
EXIIHUPHPRU\IRUWHPSRUDU\VWRUDJHRIGDWDGLJLWL]HGE\$'&
'HVSLWHRIWKHKLJKVSHHG$'&LQWKHHYHQWRIDFRPSOHWHODFNRIEXIIHULQJLQUHJLVWUDWLRQORQJEXUVWVRISDUWLFOHV
FDQEHREVHUYHGGHOD\LQUHDGLQJGDWDIURP6$$FRQQHFWHGRQWKHORFDOEXVWRWKH&38:LWKWKHDFFXPXODWLRQRID
FHUWDLQDPRXQWRILQIRUPDWLRQ6&'7EHJLQVRXWSXWWRWKH&38YLD56ZLWKWKHWUDQVPLVVLRQUDWHRIWKHRUGHURI
0ELWV
$W WKLV WLPH WKH FRQWUROOHU RI WKH 56 SHUIRUPV SURFHGXUH VHUYLFH IRU GXDOSRUW EXIIHU PHPRU\ DQG0&
EHJLQV LQSXW IURP WKH $'& 6R 67'& KDV D PLQLPDO GHDG WLPH ZLWK WKH XVLQJ RI LPSOHPHQWHG EXIIHULQJ
UHJLVWUDWLRQV\VWHP
0HWKRGIRUXSJUDGH
,Q HDUOLHU H[SHULPHQWV LW ZDV IRXQG WKDW ZKHQ XVLQJ D VWDQGDUG SKRWRPXOWLSOLHU KLJK YROWDJH GLYLGHU WKH
DPSOLWXGHRIUHFHLYHGVLJQDOVGHSHQGVRQWKHORDGRI3077RFRQILUPWKHSRVVLELOLW\RISDUWLFOHEXUVWVUHJLVWUDWLRQ
ZLWKWKH06'KDYLQJWKHGXUDWLRQRIPVDQGKLJKHUWKHODERUDWRU\ZRUNZLWKUREXVWSKRWRPXOWLSOLHU)(8ZHUH
VWXGLHG:HOONQRZQSKRWRPXOWLSOLHU+DPDPDWVX5$KDV WKHVLPLODUFKDUDFWHULVWLFV IRU WKHPRGHRIKLJK
ORDGV
7RYHULI\WKLVIDFWDVWDQGDUG/('FLUFXLWLVXVHGZKHUHLOOXPLQDWLRQOLJKWSXOVHVFDUULHG307FHUWDLQIUHTXHQF\
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ZLWKVLQJOHSXOVHIUHTXHQFLHVXSWR0+]7KXVWKH307GDWDLQFRQMXQFWLRQZLWKHOHFWURQLF06'FRPSRQHQWV
DOORZ WRZRUN LQDYHU\KLJKSDUWLFOH IOX[HVDQG UHFRUGDQHYHQW FRXQW UDWHXS WRîSDUWLFOHVSHU VHFRQG
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